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TWO SIGNAL ONE POWER PLANE CIRCUIT BOARD 

Background of the Invention 
This invention relates generally to the formation of 
5 circuit boards or cards or the like, and more particularly to 

the formation of circuit boards or cards having 2 signal 
planes and one power plane (2S/1P) wherein the power plane is 
sandwiched between two layers of photopatternable dielectric 
material and on which layers of circuitry for the signal 
10 planes is disposed. 

Background Information 
In certain conventional circuit board configurations , the 
circuit board cross-section - includes non-photopatternable 
=' : 15 dielectric, such as FR4 which is epoxy impregnated fiberglass, 

and one or more layers of copper. Vias and plated through 
-1 holes are mechanically or laser drilled in the dielectric 

\; material. This requires precise alignment drilling with each 

* hole being drilled idefinately and sequentially. Moreover, in 

~;'2.0 some instances it is necessary that there be an isolation 

\ I border around the edge of the card or board to prevent the 

power plane from being exposed at the edge. Isolation borders 
are also created within a card or board to allow separate 
voltage areas on the same plane. Isolation borders are 
25 created by etching away the copper, which exposes the FR4 

material therebelow. The exposed FR4 material isolates two 
adjacent areas of copper, which by design should not be in 
contact with each other. The isolation border is also used 
around the edge of the board to prevent exposed copper on the 
3 0 edges from abutting together in the card or board profile 

operation. The same technique is used to display text on the 
board, such as part numbers, etc. 
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While photoimageable material has been used on one side 
of a metal substrate, various processing difficulties are 
encountered when using photoimageable material to form a 2S/1P 
board, with the photoimageable material on both sides of the 
metal power plane. In a process that sandwiches a preformed 
metal power plane with photoimageable dielectric polymers as 
the dielectric material on which circuit traces are to be 
formed, isolation borders cannot be formed in the same way as 
with the non-photopatternable FR4 . If the same process were 
used after the copper is etched away, the parts of the panel 
would be isolated and would literally fall apart since there 
is no remaining material to hold them together. 

It is therefore a principal object of the present 
invention to provide a process in which layers of 
photoimageable dielectric material are used on opposite sides 
of a metal layer forming a power plane and on which circuit 
traces are formed and in which vias and plated through holes 
are formed. In one aspect a technique is provided wherein an 
isolation border can be formed in the power plane without the 
panel falling apart. 

Summary of the Invention 
According to the present invention, a method of forming 
a printed circuit board or circuit card is provided wherein 
there is metal layer which serves as a power plane sandwiched 
between a pair of photoimageable dielectric layers, and 
wherein photoformed metal filled vias and photoformed plated 
through holes are formed in the photopatternable material, and 
signal circuitry is formed on the surfaces of each of the 
dielectric materials and connected to the vias and plated 
through holes. In one embodiment, a border around the board 
or card is provided wherein said metal layer terminates a 
distance spaced from the edge of one of the dielectric layers . 
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A border can also be used within a card or board to isolate 
separate voltages on the same plane. The method includes the 
steps of providing a layer of metal preferably copper foil 



dielectric curable material is disposed on one side of the 
foil, and a second layer of photoimageable curable dielectric 
material is disposed on the other side of said layer of 
material. Preferably, the photoimageable dielectric material 
is an epoxy-based resin. 

Both the first and second layers of the curable 
photoimageable material are photopatterned in a pre- selected 
pattern on each side. (If a border is to be formed, the first 
layer of photoimageable material includes a border pattern, 
and the pattern on the second layer of photoimageable material 
does not include the border pattern.) The patterns are 
developed on the first and second layers of the photoimageable 
material to reveal the metal layer through vias and in the 
case of a border to reveal the metal at the border in the 
developed patterns . At the clearance holes in the metal 
layer, through holes have • been developed where holes were 
patterned in both dielectric layers . Thereafter, the surface 
of each of the photoimageable material, vias and through holes 
are metalized by the use of photolithographic techniques and 



present, the metal surrounding the borders revealed through 
the first layer is etched to thereby provide a substrate which 
has an edge defined by the second layer of photoimageable 
material extending beyond the edge of the metal layer. This 
etching is preferably done by protecting the remainder of the 
circuitry by the use of photoresist and utilizing 
photolithographic techniques. When such technique is used, 
the photoresist is thereafter removed, thereby leaving a 
circuit board or card having metalization on both sides, vias 

EN9-96-138 (21325/00280) 3 



with clearance holes . 



A first layer of photoimageable 



preferably through additive copper plating. 




extending from both sides to the metal layer in the center, 
plated through holes connecting the two outer circuitized 
metal layers, and in the case of forming a board with the 
metal removed to form a border supported by one of the 
5 patternable dielectric materials which remain undeveloped. 

Description of the Drawings 
Figure 1 is a plan view, somewhat schematic, showing the 
various cards or boards formed on a panel during processing; 
0 Figures 2a-2k are sectional views tj^j^ substantially 

q along the plane designated by the 6f Figure 1, 

showing the formation of a circuit board in its various stages 
of manufacturing. 

5 Description of the Preferred Embodiment 

Referring now to the drawings, Figure 1 shows a very 
schematic representation of a panel used to form a plurality 
of circuit cards or boards thereon when the cards, boards or 
sections of cards or boards are required to be electrically 

0 separated, i.e., there can be no physical contact in the power 

plane between the various cards or boards being formed. As 
shown in Figure 1, panel 10 has a plurality of circuit cards 
designated by the reference character 12 formed thereon, and 
the various cards 12 are separated by borders 14 which extend 

5 completely around each of the cards 12. Borders 16 are 

borders that provide an electrical separation within a card. 
The term "cards" or "circuit cards" is used herein to 
designate circuitized substrates which can be used as chip 
carriers, or circuit boards for the mounting of components as 

0 well as chips. The formation of the cards 12 is shown in the 

various stages thereof in Figures 2a- 2k starting with a metal 
layer which will form the power plane and progressing through 
the various steps to form a final circuitized card or board 
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with a border therearound free of the metal which forms the 
power plane. 

Referring now to Figure 2a, a metal layer 2 0 is shown 
which in one preferred embodiment is copper in the form of a 
1-oz, copper foil, although other sizes of copper foil could 
be used; e.g., l/2-oz. copper foil. However, 1-oz. copper 
foil is one standard material conventionally used for a power 
plane . It is contemplated that the metal layer should be from 
about 0.7 mil to about 2.8 mils thick.. Formation will be 
described in forming a circuit card which has a 1P/2S 
configuration, i.e., 1 power plane and 2 signal planes . 

In many instances, plated through holes are required 
which extend from the circuitry on the exposed surface of one 
layer of dielectric to the circuitry on the exposed surface of 
the other dielectric material. In such a case, through holes, 
one of which is shown at 22, are formed in the copper foil 20. 
These can be formed either by mechanical drilling or by 
etching. One technique for etching is by the use of 
photolithographic process wherein the location of each of the 
holes is patterned and developed in photoresist which is 
coated onto both surfaces of the copper, and the holes etched 
through the copper by an et chant such as cupric chloride 
(CuCl 2 ) . The photo resist is then stripped. This process is 
well known in the art. 

A first layer of photoimageable dielectric material 24 is 
coated onto one side of the copper foil 20, a second layer of 
a photoimageable dielectric material 26 is coated on the 
opposite side of the copper foil 20, and the dielectric 
material fills in the through hole 22 as shown as 28. Each 
layer of dielectric material is preferably between 2 mils and 
4 mils thick. A particularly useful photoimageable material 
is an epoxy-based material of the type described in U.S. 
Patent No. 5 , 026 , 624 , entitled "Composition for Photoimaging" , 
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commonly assigned, which is incorporated herein by reference. 
As shown in Figure 2b, this material is photoimaged or 
photopatterned, developed to reveal the desired pattern, and 
thereafter cured to provide a dielectric substrate on which 
5 metal circuit traces such as plated copper can be formed for 

forming the circuit board. The dielectric material may be 
curtain coated as described in said patent No. 5,026,624, or 
it can contain a thixotrope and be screen applied as described 
in U.S. Patent No. 5,300,402. The material may also be 
10 applied as a dry film. A technique for forming a dry film is 

as follows : 

The photoimageable dielectric composition is prepared 
having a solids content of from about 86.5 to 89%, such solids 
comprising: about 27.44% PKHC a phenoxy resin; 41.16% of 

15 Epirez 5183 a tetrabromobisphenol A; 22.88% of Epirez SU-8, an 

octafunctional epoxy foisphenol A formaldehyde novolac resin, 
4.85% UVE 1014 photoinitiator; 0.07% ethylviolet dye; 0.03% Fc 
43 0 a fluorinated polyether nonionic surfactant from 3M 
Company; 3.85% Aerosil 380, an amorphous silicon dioxide from 

20 Degussa; to provide the solid content. Solvent was present 

from about 11 to 13.5% of the total photoimageable dielectric 
composition. The photoimageable dielectric composition is 
coated onto a 1.42 mil thick segment of polyethylene 
terephthalate designated Mylar D a segment of polyethylene 

25 terephthalate designated Mylar D a polyester layer from 

DuPont. The photoimageable dielectric composition is allowed 
to dry to provide a 2.8 mil thick photoimageable dielectric 
film on the polyethylene terephthalate backing: 

The particular material 24 and 2 6 as described in said 

30 Patents No. 5,026,624 and 5,300,402 is negative acting 

photodielectric . Hence, those areas which are exposed to 
actinic radiation, in this case UV light, will not be 
developed (i.e., will remain) when the material is developed 
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in developer, and areas which are not exposed will be removed, 
i.e (/ developed out. Masks are applied over both the 
photoresist 24 and 26 having those areas which are to be 
developed blanked out, and the remainder of the dielectric 
5 material 24 and 26 exposed to UV light. The preferred agent 

for developing this material is propylene carbonate. As shown 
in Figure 2c, this will provide openings 32 which extend to 
the surface of the copper foil 20 and openings 34 on the 
photoresist 24 which will reveal the foil 2 0 thereunder which 

10 will form the border, and openings 36 which are smaller in 

diameter than the openings 32 in the copper foil 20 which will 
thus allow for a plated through hole. Following the 
development, the remaining dielectric material 24 and 26 is 
given a UV bump and then cured at between 150°C and 190°C as 

15 described in said Patent No. 5,026,624. The developing and 

curing is described in detail in said U.S. Patent No. 
5,026,624. The dielectric material can be sufficiently 
toughened to form a base on which electrical circuitry can be 
deposited or formed. Following this, the entire surface is 

20 treated by vaporous blasting and optional desmearing, and then 

seeded for copper plating, preferably with palladium 38 , so as 
to provide for electroless copper plating as is well known in 
the art. This stage of manufacture is shown in Figure 2c. 

Both sides of the product at this point are coated with 

25 photoresist 40, as shown in Figure 2d, preferably the resist 

is DuPont Resiston T168, which is a negative acting 
photoresist. The photoresist is then exposed everywhere 
except where copper plating is to take place and is developed. 
The resist is preferably developed with propylene carbonate as 

30 is well known and will form openings 42 through the 

photoresist 40 at places where the copper plating is to take 
. place. The openings will be located above the layers 24 and 
26 where circuit traces are to be formed, where vias are to be 
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formed and where plated through holes are to be formed. This 
stage of manufacture is shown in Figure 2e. 

Following this, copper is electrolessly plated according 
to well-known techniques onto the . exposed areas through the 
openings 42 in the photoresist 4 0 as shown in Figure 2f to 
form circuit tracers 44 on dielectric material 24 and 26, and 
blind vias 46 extending through dielectric material 24 and 26 
in contact with copper layer 10 and plated through holes 48. 
Following this, optionally the surfaces can be planarized, 
although this is often not required. 

Following the electroless plating, the photoresist 40 is 
stripped as shown in Figure 2g by propylene carbonate at 
elevated temperatures so as to provide circuitry 44/ vias 46 
and plated through holes 48. Developing of the photoresist 
also reveals the copper 20 beneath the photoresist 24 in 
openings 34 therein. The copper 2 0 is not revealed on the 
opposite side through photoresist 26. At this stage, the 
remaining palladium seed 3 8 on which plating has not occurred 
is stripped, preferably in a cyanide bath. 

Following the stripping of the palladium seed, another 
coating of photoresist 50 is applied to both sides of the part 
shown in Figure 2h. Preferably, this photoresist is negative 
acting MI photoresist sold by the MacDermid Company. The 
photoresist 50 overlying the photopatternable material 24 is 
exposed everywhere except at the opening 34 and developed to 
provide an opening 52 communicating with the opening 34. This 
can be developed by the use of sodium carbonate. This is 
shown in Figure 2i . 

The copper revealed under the opening 34 is then etched, 
preferably using a cupric chloride solution which will provide 
the part as shown in Figure 2j . 

The remainder of the photoresist 5 0 is then stripped with 
NaOH, which will result in the part shown in Figure 2k. As 
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can be seen, the copper foil 20 terminates at the outer edge 
of the photopatternable material 24, whereas the outer edge of 
the photopatternable material 26 extends beyond the copper 24. 
Thus, referring again to Figure 1, the entire panel is held 
5 together by the bottom photopatternable material 26 even 

though a border has been created in the top photopatternable 
material 24 and in the copper 20 therearound, thus preserving 
the integrity /of the entire panel 10. 

If a boOTdre-r is not required, i.e. if the Cu sheet 20 can 

10 be maintained as a unit and extended up to the edge of the 

board, the s^ejDjf ^in the process described above relating to 
Ca forming the can be omitted. Thus, the opening 34 is 

not formed, and the photopatterning and plating will take 
place as shown in Figures 2c through 2g which will represent 

15 the final product, since the steps shown in Figures 2 h through 

2k are unnecessary. 

Accordingly, the preferred embodiment of the present 
invention has been described. With the foregoing description 
in mind, however, it is understood that this description is 

20 made only by way of example, that the invention is not limited 

to the particular embodiments described herein, and that 
various rearrangements, modifications, and substitutions may 
be implemented without departing from the true spirit of the 
invention as hereinafter claimed. 
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